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jyj® A poly-labelled oligonucleotide having a plurality of labels, comprising labels carried on a polylysine and 
having the polylysine introduced on the extension from 5'-and/or 3'-end through phosphate group is useful as a 
N probe for hybridization. 
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BACKGROUND OF THE INVENTION 
Field of the Art 



This invention relates to an oligonucleotide derivative useful as a probe for hybridization. More 
specifically, the present Invention relates to an oligonucleotide derivative having a plurality of labels 
introduced on the extension of the 5'-end or the 3'-end. - 



Prior Art 



In recent years, with the remartcable developments in the technical field of genetic engineering, various 
techniques have been established and are being applied also to other fields. For example, the hybridization 
method [B.D. Hames and SJ. Higgins: NUCLEIC ACID HYBRIDIZATION (IRL PRESS (1985))] is being 
applied to cloning of genes as a matter of course and also to fields of medicine, particularly diagnosis of 
gene disease. 

On the other hand, we have developed oligonucleotide derivatives also usable for the above hybridiza- 
tion method and have already made proposals [Japanese Laid-open Patent Publication No. 148798/1984 
20 (hereinafter called prior invention ®) and Japanese Laid-Open Patent Publication No. 204200/1984 
(hereinafter called prior invention @ )]. 

The prior invention is an oligonucleotide derivative in which biotin is introduced on the extension of the 
5'-end phosphate of nucleotide, while the prior invention @ Is similarly an oligonucleotide derivative in 
which 2.4.dinitrophenyl (DNP) group is introduced. These derivatives had the following advantages as 
25 compared with the probe for hybridization of the prior art. 

a. Since no biotin or DNP group Is contained at the purine or pyrimidine base moiety of the 
nucleotide, no change occurs in the melting point (Tm value) and therefore it Is stable. 

b. Synthesis of biotin-or DNP-oligonucieotide having any base sequence is possible. 

c. A short chain oligomer is sufficient as a probe, 

30 d. Synthesis Is very simple, and synthesis of a large amount is possible. 

e. It can be also utilized as the primer (DNA fragment for reversetranscriptase or DNA polymerase). 
Therefore, these can be used as a probe for hybridization or as a probe for diagnosis of gene disease. 
However, when the above oligonucleotide derivative is applied for diagnosis of gene disease. Its 
detection sensitivity has been a problem. 



SUMMARY OF THE INVENTION 

The present invention is intended to give a solution to the above points, and to accomplish the present 
object by providing a compound in which a labelled lysine has been introduced Into either one or both of 
the 5'-end or the 3'-end of an oligonucletide. 

Accordingly, the poly-labelled oligonucleotide derivative according to the present Invention is repre- 
sented by the following fonfnula [IJ. 
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wherein: either one of and is a group represented by the formula [11] shown below, and the other is a 
hydrogen atom or phosphate residue* or both of them are groups represented by the formula [II] shown 
below; n is any desired natural number; and B is a base constituting the nucleotide: 



Y_(Lys)^,-NH-R3 



a 



0 

II 

X-P- 

I 

- 0© 



till 



wherein: a and b are any desired natural numbers or positive integers with a relationship of b + 1 >a; R3 is 
40 a divalent straight or branched hydrocarbon residue; X represents an o>cygen atom or imino group; Lys 

represents lysine residue; and Y is a label covalently bonded to Lys. 

The compound of the present invention has the advantages of those of the prior invention 0 and the 

prior invention @ and has still higher detection sensitivity than these compounds. That is, because this 

compound has the advantages as described below, it is useful as a probe for hybridization. 
4S a. Since no labelling substance is contained in the base moiety of nucleotide, substantially no change 

occurs in the melting point (Tm value), and it is stable. 

b. Synthesis of a poly-labelled oligonucleotide having any base sequence is possible. 

c. Synthesis is easy and synthesis of a large amount is possible. 

d. Since a pluralrty of labelling substances are bound, the detection sensitivity is good. 

so e. It can be used as a primer (fragment complementary to DNA) necessary for base sequence 

detenmination of DMA according to the Sanger method [Proc. Natl. Acad. Sci. USA, 74. 5463(1977)]. 



55 



BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 to Rg. 4 are flow charts for synthesis of the compound according to the present invention. 
Rgs 5a to 5d are chromatograms respectively showing the elution patterns of HPLC o1 
compounds (D , (D , ^ and according to the present invention. 
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Rgs. 6, 7 and 8 are chromatograms respectively showing the elution patterns of HPLC of the 
compounds , ® and ® . 

Fig. 9 and Rg. 10are chromatograms respectively showing the elution patterns of HPLC of the 
compounds @ and @ . 

5 Rg. 11 and Rg- 12 are chromatograms respectively of the elution patterns of HPLC of the 

compounds @ and @ . 

Rg. 13 is a schematic illustration of a nitrocellulose filter. 

■ 

70 DETAILED DESCRIPTION OF THE INVENTION. 
Poly-labelled oligonucleotide derivative fll 

The oligonucleotide derivative according to the present invention is represented by the above fonDula 

?5 [I]. 

In the fomnula, B represents a base constituting tiie nucleotide, which Is ordinarily adenine (A), thymine 
(T), cytosine (C) or guanine (G). When a plurality of B exists in the compound [11], they may be tiie same or 
different. Also. B may be eitfier one of tfiese bases or ottierwise it may be acylated. This is because tiie 
base portion of a nucleoside or nucleotide is ordinarily protected by acylatlon during synttiesis or during 

20 anotiier step of these compounds, if necessary. 

n is any desired natural number or positive integer, indicating tiie polymerization degree of the 
compound of tiie present invention. When tiie compound of tiie present invention is used as a probe for 
hybridization, n may be practically about 6 to 200, preferably 10 to 60, more preferably 15 to 40. 

Both of the groups and R2 are substituents on the respective 5'-and 3'-hydroxyl groups of the 

26 nucleotide of tiie present invention, and when eitiier one of W and R2 is a substituent represented by ttie 
fonmula [II]. the otiier is a hydrogen atom or phosphate residue. If not so, botii are substituents represented 
by the fomnula [II]. In tiie substituent represented by ttie formula [II], tiie group X represents oxygen atom 
(0) or imino group (-NH-). On tiie otiier hand, tiie group R3 is a divalent straight or branched hydrocarbon 
residue which links tiie phosphate moiety, with tiie poly lysine moiety. The hydrocarbon residue should 

30 preferably be a straight or branched alkylene group having about 2 to 20 carbon atoms, more preferably an 
alkylene group having 2 to 6 carbon atoms. Lys represents the residue of amino acid lysine, b is its 
polymerization degree and may be any desired natural number. In this case, b is practically 1 to 50, 
preferably 1 to 20. more preferably 1 to 10. Particularly preferable (Lys)b is one having b of 2 or more. This 
is why ttie group is sometimes called polylysine in tiie present specification. 

35 The group Y is a label, and a represents its number. In this case, a is any desired natural number, 
practically 2 to 50. preferably 2 to 21. more preferably 2 to 11. However, a and b are always in a 
relationship of b + 1 > a. 

Here, tiie label is a compound such tiiat tiie hybridized compound after hybridization Is detected by use 
of ttie compound of tiie present invention ttianks to tiie label, and yet have innately or as one inti'oduced a 

40 group which can be bound tiirough the amino group of the polylysine residue such as. for example, one 
having a carboxylic group and capable of bonding by fonnation of an amide bond with tiie amino group of 
ttie polylysine residue. For example, biotin. 2.4-dinitirophenyl group, fluorescent substances or 
chemllumlnescent substances such as fluoresceine and derivatives ttiereof [e.g. fluoresceine isothiocyanate 
(FITC)]. rhodamine and derivatives ttiereof [e.g. tetrametinylrhodamine isottiiocyanate (TRITC), Texas Red], 

45 4-fluoro-7-nrtrobenzofuran (NBDF) and dansyl. 



Synttiesis of compound [I] 

50 The compound [I], namely, tiie poly-labelled oligonucleotide derivative according to ttie present 
invention can be syntiiesized according to the sequence or embodiment suited for the purpose concerning 
fonnation of its basic skeleton and/or inttx)duction of substituents. One preferable synttietic mettiod for 
obtaining ttie compound comprises synttjesizing an aminoalkylated oligonucleotide as previously proposed 
by tiie present inventors (Japanese Laid-Open Patent Publications Nos. 93098^1984. 93099/1984, 

65 93100/1984, 166694/1985, 166695/1985). ttien introducing a polylysine into tiiis compound and further 
labelling ttie polylysine inttoduced with a labelling substance, or bonding tiie above aminoalkylated 
oligonucleotide witti a polylysine labelled previously witii a labelling substance. 
Details of this preferable synttietic metiiod are described below. 
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(1) Synthesis of aminoalkylated oligonucleot'de 

This compound can be synthesized efficiently and easily according to the method previously proposed 
by the present.inventors (see the above published laid-open publications). 

5 

(2) Introduction of polylysine 

■ 

Introduction of a polylysine into the aminoalkylated oligonucleotide can be carried out by successive 

70 reactions of the activated ester of the lysine protected with trifluoroacetyl (Tfa) group (see the Experimental 
Examples set forth hereinafter as to its details). Also, a labelling substance may be introduced previously 
into lysine to synthesize a labelled lysine, and this may be successively linked together to form a poly- 
labelled lysine, which Is then followed by Introduction of the above oligonucleotide. 

Bonding of lysine to the labelling substance differs depending on the labelling substance to be 

15 Introduced. For example, when the labelling substance is biotin, bonding can be practiced according to any 
desired method which can realize formation of amide bond by dehydration between the carboxylic group of 
biotin and the amino group of lysine. 

One preferable method for effecting bonding between the amino group of polylysine and biotin 
comprises reacting the amino group of polylysine with an activated ester of biotin. The activated ester of 

20 biotin is preferred, because it does not generally react with the amino group at the base moiety of the 
oligonucleotide but reacts selectively only with the amino group of polylysine on the extension from the 5 - 
hydroxy I group end, and yet the reaction operation is simple. The term "activated ester of biotin" means a 
biotin derivative having, an ester bond readily reactive with other functional group (ordinarily amino group), 
and specific examples may include succinimide-. paranltrophenyl-, benzotriazolide-. 2.4.6-trichlorophenyl- 

25 esters, etc. The former two are preferred. 

Another preferable method for effecting bonding between the amino group of polylysine and biotin 
comprises carrying out bonding between the two in the presence of a condensing agent Suitable examples 
of tiie condensing agent may include dlcyclohexylcarbodiimide, carbonylimidazoie, and Woodward reagent 
"K". Dicyclohexylcarbodiimide Is preferred. 

30 According to any of these methods, the reaction process may be any desired one suited for the 
purpose. Specific reaction processes for given reaction systems may be determined appropriately by 
referring to Japanese Laid-open patent Publication No. 148798/1984. the Experimental Examples shown 
below and various texttwoks such as "Peptide Synttiesis" (in Japanese) (Maaizen, Japan, 1975) and 
"Chemistry of Proteins IV" 0" Japanese) (1977). 

35 When the labelling substance is DNP, 2,4-dinrti'obenzene is bonded to the polylysine. 

Bonding of DNP with the polylysine can be practiced according to any desired metiiod which can 
realize formation of a C-N bond between the 1 -position of 2,4-dinitrobenzene and the amino group of 
polylysine. 

Bonding between the two is generally effected through the H-X removal condensation between the 
40 derivative of the former, namely DNP-X (X Is 1-substituent) and the amino group. As X, halogen is 
prefen'ed. The reason why a derivative in which X is halogen, namely 1-halogeno-2.4-dinitrobenzene, is 
preferred is because it does not generally react with the amino group at tiie base portion of the 
oligonucleotide but reacts Selectively only with the amino group of polylysine only on the extension from the 
5-hydroxyl group end. and yet the reaction operation is simple. Above all, 1 -fiuoro-2.4-dinltrobenzene is 
45 commercially sold and Is readily available, and the reaction with the amino group of polylysine proceeds 
under mild reaction conditions. 

The reaction of 1-halogeno-2,4-dinitrobenzene with the polylysine can be practiced in a homogeneous 
solution of botii (the solvent may be, for example, aqueous alcohol) or in an heterogeneous solution (the 
solvent may be, for example, water), in tiie presence of a hydrogen halide trapping agent (e.g., sodium 
50 hydrogen carbonate, triethylamine. and potassium hydroxide) at a temperature of 10 to 50^*0. The desired 
product may be recovered by, for example, extraction. Concerning DNP labelling, reference can be made to 
appropriate general reviews such as "Experimental Chemical Course I, Chemistiy of Proteins II, p. 118" (in 
Japanese) (published by Maruzen K.K., 1976) and Japanese Laid-Open Patent Publication No. 
204200/1984, etc. 
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(3) Poly-labelled oligonucleotide derivative 

The compound of the present invention can be synthesized by ertiier a method in which lysine is 
introduced into the above aminoaikylated oligonucleotide to form a polylysinated oligonucleotide derivative 

5 and further a labelling substance is introduced, or in which, a polylysine previously labelled is introduced 
into the aminoaikylated oligonucleotide. 

One embodiment is described below. Hrst. to aminoaikylated oligonucleotide (about 0,01 OD to 3.00 
OD) is added 1 M NaHCOa* aqueous solution (about 2ul), and furttier H » O is added to make up a 
volume (2 ul). To this, a dimethylformamide (DMF) solution of an activated ester of oligolysine of which tiie 

10 amino group is previously protected with Tfa group (20-100 ug/ul, 20 ul) is added, and reaction is carried 
out at room temperature for several hours (e.g.. 4 hours). After confimnation of completion of the reaction by 
high performance liquid chromatography (HPLC), ammonia is added, and reaction is earned out at room 
temperature for several hours (e.g., 4 hours). Subsequentiy, after confirmation of the removal of Tfa group 
by HPLC, ammonia is evaporated and gel filtration is perfomned, followed by evaporation of tiie solvent to 

IS obtain a polylysinated oligonucleotide. Also, by repeating a series of such operations, a polylysinated 
oligonucleotide witii higher polymerization degree can be obtained. Subsequentiy, this is dissolved in 
H X 0 (e.g. 18 ul), and ttien 1 M NaHCOj (e.g. 2 ul) and an activated ester of biotin [e.g. biotin-N- 
succinimide (Bio 5) or e -caproylamidebiotin-N-succinimide ester (Bio 12), etc., 20-100 ug/ul, 20 uil are 
added. Thus, reaction is carried out at room temperature for several hours (e.g., 4 hours). Completion of tfie 

20 reaction is confimied by HPLC, and further the product is purified by separation by HPLC to obtain tiie 
compound of the present invention. 

As for details, reference should be made to the following Experimental Examples. 



25 Experimental Example 1 

Synttiesis of Compound I (see Fig. 1 ) 

According to \he method in each of tiie publications of Japanese Lald-Open Patent Publications Nos. 

30 93098/1984, 93099/1984, 93100/1984. 166694/1985 and 166695/1985, an aminoaikylated oligonucleotide 
NHi -AACGGACACTCGCTGTCGG (NHa. -E2) of 19 mer of which base sequence Is a part of the human 
epidermal growtti factor (hEGF) gene ® in Rg. 1 was synthesized. The results of HPLC of the compound 
obtained are shown by a in Rg. 5. Next, after 1 M NaHCOj aqueous solution (2 ul) and H a. O (13 ul) 
were added to the compound @ (0.1 OD/ul. 5 ul). a DMF solution (20 ug/ul. 20 ul) of an activated ester of 

35 lysine (succinimide ester) having the amino group protected witii Tfa group, (Tfa) ^ LysOSu, was added, 
and reaction was canried out at room temperature for 4 hours (completion of the reaction was confirmed by 
HPLC) to obtain tiie compound (the results of HPLC of tiie compound obtained are shown by b in Rg. 5). 
Subsequentiy, cone, ammonia water was added to the reaction mixture and the reaction for deprotection of 
Tfa group was conducted for 4 hours (completion of the reaction was confinmed by HPLC), and ttien 

40 ammonia was evaporated to prepare tiie compound @ {the results of HPLC of tiie compound obtained are 
shown by c in Rg. 5). After the reaction mixture was subjected to gel filtration with Sephadex G-50 [ $ 1 x 
17 cm, 25 mM trietiiylammonium bicarbonate (TEAS) buffer], the solvent was evaporated, and the residue 
was dissolved in H ^ 0 (18 ul). To tiie resultant solution were added 1 M NaHCOa (2 u") and a DMF 
solution (20 ug/ul, 20 ul) of e -caproylamidebiotin-succinimide ester [(Bio l2)0Su in tiie Rgure 1], and 

45 reaction was can-ied out at room temperature for 4 hours. After completion of tfie reaction was confinned by 
HPLC. tiie product was separated and purified by HPLC to obtain tiie compound © (yield = 0.32OD, 
yield% - 64%). The result of HPLC of tiie compound obtained is shown by d in Fig. 5. 

According to similar operations, the compounds ® , © , (D. ® . ^ and @ were obtained. 
The respective results of HPLC of tiie compounds © . ® and © are shown in Rg. 6, Rg. 7 and 

50 Rg, 8, respectively. 
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Experimental Example 2 (see Hg. 2) 

According to the same method as in Experimental Example 1, an aminoaikylated oligonucleotide 
NHa -AGCGTTCACCGATQTAGCC-NH X (NH^ -E14-NH2. ) of which base sequence is a part of the 
5 hEGF gene was synthesized (compound (5f) ). Following subsequently the same procedure as in 
Experimental Example 1 , compounds (2^ and (Q) shown by the formula [1] were synthesized. The 
results of HPLC obtained are shown in Fig. 9 and Rg. 1 0. 



70 Experimental Example 3 (see Fig. 3^ 

Simiiariy as in the above Experimental Examples, an aminoaikylated oligonucleotide 
GGGTTTTCCCAGTCACGAONHi (MZ-NHa. ) of a 19 merof which base sequence is a part of the E 
coli lacZ gene was synthesized (compound ). And, similarly as in the above Experimental Examples, 
75 the compounds , . and were synthesized. The results of HPLC of the 

compounds and are shown in Fig. 11 and Fig. 12, respectively. 



Experimental Example 4 (see Hg. 4) 

20 

According to the same method as in Experimental Example 1, an aminoaikylated oligonucleotide of 
which base sequence is the primer for determination of Ml 3 base sequence, namely NM^ « 
GTTTTGCCAGTCAC6AC (NH ^ -M4, compound @ ) was synthesized. This was lysinated similarly as 
in Experimental Example 1 to obtain Lys-M4 (compound (|5) ). To 0.1 M NaHCOa solution of Lys-M4 
25 was added an ethanol solution of 1-fluoro-2,4-dinitroi:)enzene. and reaction was carried out at 37^*0 for 2 
hours. After gel filtration, purification by HPLC produced (DNP) ^ Lys-M4 (compound ). 



Experimental Example 5 (see Rg. 4) 

30 

Similarly as in Experimental Example 4. Lys-M4 (compound (||) ) was synthesized. To 0.05 M 
sodium borate (pH 8.0) solution of Lys'M4 (compound (0) ) was added an ethanol solution of 4-fluoro-7- 
nitrobenzofurazane (NBDF), and the reaction was carried out at 60**C for one minute. After get filtration, 
purification by HPLC produced (N6D) 2. Lys-M4 (compound (|^ ). 
35 The compounds synthesized in Experimental Examples 1 to 5 as described above are shown in Table 
1. The symbols in the Table are the same as in Rg. 1 to Rg. 4, and the column of activated ester shows 
the sequence in which the activated esters were reacted. Also, the symbols in the Table have the following 
meanings: 

(Tfa)2. LysOSu: di(trifluoroacetyl)lysinesuccinimide ester 
^ (Tfa)3 (Lys-Lys)OSu: tri (trifluoroacetyl)- a -dilysinesucdnimide ester 

(Bio 5)0Su: biotinsuccinimide ester 

(Bio 12)0Su: t -caproylamtdebiotinsuccinimide ester 

DNBF: 1 -fluoro-2,4-dinitrobenzene 

DNP: 2,4-dinitrophenyl 
45 NBDF: 4-fluoro-7-nitrobenzofurazane 

NBD: 7-nitrobenzofurdzane residue 
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The conditions for HPLC in Experimental Examples 1 , 2. and 3 are as follows. 

Column: Radial-PAK u Bondapak® C ig 8 mm x 10 cm 
Buffer® 50 mM triethylammonium acetate (TEAA) pH 72 
(§) CH3 CN: 50 mM TEAA = 1:1 

The gradient was shown in A/(A + B) % In the respective Rgures. 
Row velocity: 2 ml/min. 



Reference Example 1 (Dot hybridization) 

A plasmid pTA 1S22 containing the stmctural gene of tiurnan EGF (Epidermal Growth Factor) (see 
Japanese Laid-Open Patent Publication No. 37099/1986) [Proc. Natl. Acad. Sci. USA. ffi. 7212-7216(1985)] 
was treated with restriction enzyme EcoRI to be made a straight chain for the substrate of dot hybridization. 
Dot hybridization was performed according to a conventional method by denaturing DNA with the use of 
sodium hydroxide, neutralizing the denatured DNA with ammonium acetate and spotting on the nitrocel- 
lulose. [DNA, 4. 327-331 (1985)]. Also, a sample containing no substrate DNA (10 mM Tris HCI (pH 75)) 1 
mM EDTA. 100 mM NaCI, 1 mg/ml herring sperm DNA) was also spotted at the same time to obtain a 
negative control. Subsequently, hybridization was canied out by use of the above compound as a probe 
[Nucleic Acids Research. 13. 1529-1540 (1985)]. and chromogenic reaction was conducted [by use of 
chromogenic kit produced BRL Co. (Cat No. 8239 SA) following BRL DNA Detection System Institution 
Manual]. In the chromogenic reaction ojaeration. the sodium chloride concentration was changed to the 
extent at which the DNA formed by hybridization of the test DNA and the probe DNA (double strand) can be 
maintained stably and chromogenic reaction is not obstructed. 

Consequently, the DNA fragment of about 4.1 kbp containing the base sequence of EQF could be 
detected to 10 pg (with the significant difference from the negathre control). 



Reference E>fflmpte 2 (Southern hybridization) 

The plasmid pTA1522 (as mentioned above) was treated witii restiiction enzyme EcoRl similarly as 
described above to provide a test sample. As the negative control. pBR322 [Gene. 2. 95(1977)1 treated 
similarly with EcoRI was used. 

After Soutiiem blotting was perfomied according to a conventional method [Molecular Cloning p 382 
Cold Spring Harbor (1982)]. the niti^celluiose filter was freated similarly as described above. Subsequentiy' 
hybndization was performed by use of tiie compound according to tiie present invention as described 
above, followed by chromogenic reaction. 

Consequently, tiie DNA fragment of about 4.1 kbp containing the base sequence of human EGF could 
be detected to. lOng. 



Reference Example 3 (Detection of E. coli lac Z gene 




A strain E. ooli JM103 is deficient in a part of the lac Z gene, and it is ttius possible to distinguish the 
wild strain- (here CIA) from the deficient mutant strain (here JM103) by use of the probe corresponding to 
that deficient portion. Accordingly, by use of tiie biotinized probe shown below, tiie experiment for 
discnminaUon between the wild strain and tiie deficient mutant strain was conducted. 

The probes used were as follows: 

(a) HOMZ-Bio5 @ (HO GGGTTTTCCCAGTCACGAC-Bio5) 

(b) HO MZ-BI0I2 

(c) HO MZ-Lys(Bio12)j^ © 

(d) HO MZ-Lys(Lys)2. (Biol 2) 4. _ 
Brample) ^y^-'^2^'-ys(Bio12)a_ ^ • (newly prepared according to the above Experimental 

First, genes were extracted from E, coH CIA and JM103. cleaved with restriction enzyme EcoRI to 
denature DNA. which step was followed by spotting on nitrocellulose filter as shown in Rg. 13 [DNA 1985 . 
4, 327]. 
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In Rg. 13, (1) to (5) show the positions on the fitter at which the present experiment was conducted by 
use of the compounds . ^ . @ . @ and @) as the probe. Also. 1 to 6 on the filter are 
numbers conveniently attached to the holes in the filter, and the following materials were spotted in the 
amounts shown below on the respective holes. 

(1) CIA chromosome DNA obtained by EcoRI digestion 0.8 ug 

(2) CIA chromosome DNA obtained by EcoRI digestion 0.4 ug 

(3) CIA chromosome DNA obtained by EcoRI digestion 0.2 ug 

(4) JM103 chromosome DNA obtained by EcoRI digestion 0,8 ug 

(5) JM103 chromosome DNA obtained by EcoRI digestion 0.4 ug 

(6) JM103 chromosome DNA obtained by EcoRI digestion 0.2 ug 

Subsequentiy, hybridization and chromogenic operation were conducted similarly as in, Reference 
Examples 1 and 2. When the probe has one biotin moiety (OH MZ-Bio5 and HO - MZ-Bio12), detection was 
almost impossible with 0.8 ug of DNA. However, when tiiose having 2 or 4 biotin moieties were used as the 
probe [HO M2.Lys(Bio12)2^ • MZ-Lys(Lys) (Blo12)^ . (Biol 2) 3, Lys-MZ-LysCBiol 2) ]. deficiency 
of the lac Z gene could be discriminated easily with the use of DNA of 0.8 ug (positive in CIA, negative in 
JM103). and detection was also possible even witti the DNA amount of 0.4 ug. 

The details of the experimental method are as follows. CIA DNA (61 ug) and JM103 DNA (60 ug) were 
each treated with restriction enzyme EcoRI at 37'C for 3 hours. The reaction mixture was treated with 
phenol and washed witii CHCI 3 , after which etinanol was added to recover DNA as the precipitate. The 
precipitate was weighed after addition of water (500 ul) whereby CIA DNA was found to be 37.8 ug and 
JM103 DNA 34.8 ug. Each DNA was dissolved by addition to it of a dilution buffer (20 ul: 10 mM Tris HCI 
pH 7.5, 1 mM EDTA. 100 mM NaCI, 2.1 ug/ul henring spemi DNA), and similarly diluted witii the dilution 
buffer to prepare solutions of 1.75 ug/Ul. 0.9 ug/ul and 0.45 ug7ul. Next. 10 ul of each solution was 
sampled and heated with addition of 3 M NaOH (1 ul) at 65^C for 30 minutes. The mixture was quenched 
with addition of 2 M NH^ OAc pH 7.5 (10 ul), and each 1 ul was spotted on nitrocellulose. The 
nitrocellulose was dried under vacuum at 80* C for 2 hours. 

Each filter was placed in a nylon bag. and a hybridization solution (500 ul: 6 x SET. 5 x Denhardf s. 
0.1% SDS. 100 ug/ml hening sperm DNA) was added. A probe (100 ng) was added into each nylon bag! 
and hybridization was effected at 55**C for 16 hours. The nitrocellulose was taken out from ttie nylon bag! 
and washed twice with 6 x SSC at 55»C for 5 minutes. Next, after the nitrocellulose filter was washed with 
0.9 M Soln I [0.9 M NaCl, 0,1 M Tris-HCI pH 7.5. 2 mM MgCI . 0.05% (v/v) Triton X-100] for 5 minutes, it 
was subjected to blocking with 0.3 M Soln II {3% (w/v) bovine serum albumin in 0.3 M Soln I [0.1 M Tris- 
HCI pH 7.5. 0.3 M NaCI. 2 mM MgC\^ . 0.05% (v/v) Triton X-100]}. After drying in air. the product was 
dried under vacuum at 80^C for 30 minutes. 

Next, the nitrocellulose filter was immersed in 0.3 M Soln II solution of streptavidin (2 ug/ml, 1.5 ml) to 
carry out tiie reaction for 20 minutes, and the reaction product was washed 3 times with 0.9 M Soln I for 3 
minutes. To this was added 0.3 M Soln 11 solution of biotinylated poly-alkaline phosphatase (1 ug/ml. 1.5 
ml) and flie reaction was canried out at room temperature for 20 minutes, and the reaction product was 
washed three times witii 0.9 M Soln 1 for 3 minutes. Subsequentiy. tiie product was washed once with 0,9 M 
Soln III (0.1 M Tris-HCI pH 9.5. 0.9 M NaCI. 5 mM MgCI ^ ) for 3 minutes. To tiiis was added a dye 
solution (BRL DNA detection system catalogue No. 8239 SA) (2.5 ml) and the chromogenic reaction was 
carried out at room temperature for 4 hours. 
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Claims 



1 . A poly*labelIed oligonucleotide derivative represented by the following formula [!}; 



10 



IS 



20 



25 




0=P 



B 




...[I] 



■R2 



30 



wherein: either one of and is a group represented by the formula [II] shown below and the other is 
hydrogen atom or phosphate residue, or both of them are groups represented by the formula [11] shown 
below; n is any desired natural number; and B is a base constituting the nucleotide: 



35 



40 



0 

B 

Ya(Lys)b-NH-R3-X-P- 

0« 



III] 



wherein: a and b are any desired natural numbers with a relationship of b + 1> a; is a divalent straight or 
branched hydrocarbon residue; X represents oxygen atom or imino group; Lys represents lysine residue; 
45 and Y is a label covalently bonded to Lys. 

2. A poly-labelled oligonucleotide according to claim 1 , wherein n is 6 to 200. 

3. A poly*labelled oligonucleotide according to claim 2, wherein n is 10 to 60. 

4. A poly-labelled oligonucleotide according to claim 3, wherein n is 15 to 40. 

5. A poly-labeiled oligonucleotide according to any one of the preceding claims, wherein a is 2 to 50. 
50 6. A poly-labelled oligonucleotide according to claim 5, wherein a is 2 to 21. 

7. A poly-labeiled oligonucleotide according to claim 6. wherein a is 2 to 1 1 . 

8. A poly-labelled oligonucleotide according to any one of the preceding claims, wherein b is 1 to 50. 

9. A poly-labelled oligonucleotide according to claim 8, wherein b is 1 to 20. 

10. A poly-labelled oligonucleotide according to claim 9 , wherein b is 1 to 10. 

55 1 1 . A poly-labeiled oligonucleotide according to any one of the preceding claims, wherein b is at least 
2. 

12. A poly-labelled, oligonucleotide according to any one of the preceding claims, wherein both of 
and R^ are represented by the formula [II]. 
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13, A poly-labelled oligonucleotide according to any one of the preceding claims 1-11, wherein one of 
and R2 Is a group represented by the formula [II] and the other is hydrogen atom. 

14. A poly-labelled oligonucleotide according to any one of the preceding claims 1-11, wherein one of 
and R2 is a group represented by the fonfnula [II] and the other is phosphate residue. 

5 15. A poly-labelled oligonucleotide according to any one of the preceding claims, wherein X is oxygen 
atom. 

16. A poly-labelled oligonucleotide according to any one of the preceding claims 1-14, wherein X is 
imino group. 

17. A poly-labelled oligonucleotide according to any one of the preceding claims, wherein the R^ group 
10 is an alkylene group having 2 to 20 carbon atoms. 

18. A poly-iabetied oligonucleotide according to claim 17, wherein R3 is an alkylene group having 2 to 6 
carbon atoms. 

19. A poly-labelled oligonucleotide according to any one of the preceding claims, wherein Y is biotin 
residue. 

16 20. A poly-labelled oligonucleotide according to any one of the preceding claims 1 18, wherein Y is 2,4- 
dinitrophenyl group. 

21. A poly-labelled oligonucleotide according to any one of the preceding claims 1-18, wherein Y is 
fluoresceine residue or a fluoresceine derivative residue. 

22. A poly-labelled oligonucleotide according to claim 21, wherein tiie fluoresceine derivative is 
20 fluoresceine isothiocyanate. 

23. A poly-labelled oligonucleotide according to any one of the preceding claims 1-18, wherein Y is 
rhodamine residue or a rhodamine derivative residue. 

24. A poly-labelled oligonucleotide according to claim 23. wherein the rhodamine derivative is 
tetrametiiylrhodamine isothiocyanate or Texas Red. 

25 25. A poly-labelled oligonucleotide according to any one of the preceding claims 1-18. wherein Y is 4- 
fluoro7-nifroben20furan. 

26. A poly-labelled oligonucleotide according to any one of tiie preceding claims 1-18. wherein Y is 
dansyl. 

27. A poly-labelled oligonucleotide according to any one of the preceding claims, wherein B is adenine, 
30 thymine, cytosine or guanine. 

28. A poly-labelled oligonucleotide according to any one of the preceding claims, wherein B is 
protected by acytation. 
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